The crystal structures and site-populations of 12 richterites have been refined to R indices of 1-2% using single-crystal MoKa X-ray diffraction data. Potassium-fluor-richterites from lamproites are characterized by [41 (Si+AI) sums less than 8.0 apfu (atoms per fo rmula unit), suggesting the presence of other isomorphous tetrahe dral substituents; richterites from other environments do not show this feature. The results of the structure re fine ments (mean bond lengths and mean atomic numbers) and crystal-chemical arguments show [41 Ti 4+ to occur at the T(2) site in lamproitic richterites. Some richterites also show significant amounts ofTi 4+ in octahedral coordination; combination of site occupancy refinement and stereochemical data show [61 Ti 4 + to occur almost entirely at the M(I) site in these amphiboles, locally associated with the occurrence of 0 2 -at the adjacent 0(3) site(s).
Titanium is a ubiquitous minor component in amphiboles, and in some parageneses can attain the status of a major constituent. Despite its im portance, the behaviour of Ti in amphiboles is not very weIl characterized, and as a con sequence of this, is also not very weil understood. Recognizing the distribution of Ti between the various sites able to host it is not a straightfor ward matter from an experimental point of view; the effects of Ti are usually obscured by the ef fects of other transition metals, specifically Fe 2 + and Fe3+. In most diffraction experiments, the scattering from Ti is overwhelmed by the scatter ing from Mg, Al and Fe, and even in optimum cases (such as neutron diffraction), there is usu ally not a unique solution to the problem solely from the measurement of the scattering power at each site. The results obtained for site-occupan cies must therefore be integrated with complete crystal-chemical information (mean bond lengths (m.b.!.), shape and dimension of the thermal fac tors). For spectroscopic techniques, the problem is even more severe. Heteronuclear intervalence charge transfer usually prevents a unique inter pretation of electronic absorption spectra in the chemically complex amphiboles. XANES may give some unique information, but cannot (as yet) dis tinguish between crystallographically distinct sites of similar coordination. The behaviour of Ti is the major area of ignorance in amphibole chemistry at the present time, and the optimum approach to its solution would seem to be a careful examination of specific amphibole compositions that are susceptible to a unique so lution by crystallographic and/or spectroscopic methods.
